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A Bias in the Satellite-Observed

Low-Level

Cloud

Motion

Winds

Over

the

Central Tropical Pacific
GARY

T. MITCHUM

Hawaii Institute of Geophysics,University of Hawaii, Honolulu

Island wind data from the central tropical Pacific are compared with satellite-observedlow-level cloud
motion winds over the same area during 1976-1980. The purpose of the comparison is to investigatethe
effect of gaps in the satellite wind series.It is found that the distribution of the gaps is such that the
resulting time seriesis biased from the complete time seriesbecauseof undersamplingof the strongest
westerlyand northerly wind anomalies.This bias is strong enough, at least in this geographicalregion, to
causedifficultiesin estimatingaccuratemean fieldsfrom the cloud motion winds alone. The gapsleading
to this bias occur on time scalesof days to weeksand are most common during the northern hemisphere
winter. Further, the gaps can be attributed to the presenceof heavy, high cloud cover typical of strong
convective events. The bias follows from the fact that the wind anomalies are also strongest at these
times.

l.

For about

INTRODUCTION

the last decade the National

effects of the gaps in the sawind data set. In the next section
Environmental

the data used will be described, and an observed bias in the

Sat-

ellite Service (NESS) has routinely provided satellite observations of low-level cloud motion winds. This technique involves
using a satellite to observelow-level clouds for the purpose of
inferring wind vectors at the cloud base. These data are hereinafter

referred

to as sawinds.

The sawinds

have been shown

sawind data will be noted. The following section will quantify
this observation statistically and give a more complete description of it. Finally, an example of the effect of the bias will
be given, and a few suggestionsconcerning the use of the
sawinds will be put forth.

to agree reasonably with cloud base winds at a height of a
kilometer or so [Hubert and Whitney [1971], Hasler et al.
[1979], and others]. For the present discussionit is important
to note that the sawind time seriesare inherently gappy. This
is due to the fact that

no low-level

sawind

data

can be ob-

tained when there are no clouds or, more importantly for this

study, when the low-level clouds are obscuredby hig.her
clouds. For example, the latter situation can occur during
periods of deep convection.
Many previous studieshave concentratedon intercomparisons of sawinds and surface winds. The agreement between
sawinds and buoy winds in the Pacific has been studied by
Halpern [1978, 1979] and Halpern and Knox [1983]. Wylie
and Hinton [1981, 1982] have compared sawinds with ship
winds in the Indian Ocean. Most of these intercomparisons
are done in order to derive algorithms which can be used to
estimate

surface winds from the sawind

data.

Sadlet

and Kil-

orisky [1985] have given a method for computing monthl•
mean surfacewinds from monthly mean sawindsusing a climatological value for the shear between the two levels.Harrison and Gutzler [1986] further investigate the correction of
low-level (850 mbar) winds to obtain surfacewinds. Taken as
a whole, these studies indicate that for periods greater than
about 2 weeks,at least the zonal surfacewind componentcan
be estimated with reasonable accuracy using regressionrelations and empirical boundary layer corrections.
The purposeof the presentstudy is somewhatdifferent. The
question to be addressedhere concernsthe effect of the irregular distribution of the data. That is, in addition to the errors
generated in correcting the sawinds for the shear from the
surface, there may well be errors due to the uneven sampling

of the sawind series.The emphasisin this report will be on the
Copyright 1987 by the American GeophysicalUnion.
Paper number 7C0010.
0148-0227/87/007C-0010505.00

2.

DATA

DESCRIPTION
SAWIND

Historical

wind

records

from

AND AN APPARENT
BIAS

a number

of Pacific

islands

have recently been collectedand describedby Luther and Harrison [1984]. Data from several of the near-equatorial stations
in the central Pacific were provided by D. Luther for use in
evaluating the sawind data obtained from NESS in the same
area. Figure 1 shows the location of the island stations (maintained by the New Zealand Meteorological Service) used in
this study. The time period covered is 1976-1980. The spatial
coverage is limited by a lack of sawind data west of about the
date

line

and

a lack

of island

data

to the east of the Line

Islands. Also shown in this figure is the average number of
sawind observations per day at each station. The island data
sets have very few gaps and can be considered complete in
contrast

to the sawind

data sets.

The treatment of the data series was quite simple. First, at
each station the island and sawind data were used to compute
daily means by simply averaging all available observationson
that day. If there was no sawind observation, then that point
was flagged as missingin the sawind daily series.Table 1 lists
the means and standard deviations of both wind components
for the island data. To aid comparisons of different stations,
the island wind data components were normalized by subtracting the mean value and dividing by the standard deviation.

The calculations

described

in the next section use these

normalized series. However, calculations using data which
were not normalized, and/or using the amplitude and phase of
the wind vector rather than the components, were also done
and led to the same conclusions. As will be seen later, it was
not necessaryto normalize the sawind daily mean series.
Before normalizing the island data, plots (not shown) of the
two data types were inspected at each station. There was an
apparent correlation between the island data and the corresponding sawinds in accord with the above mentioned studies.
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Fig. 1. Map of the Pacific showing the locations of the island wind stations used •n this study. The numbers in
parenthesesare the total number of satellite observations at that station divided by the number of days in the study
period.

However, it also seemed clear that whenever there was a

scribed for illustration purposes.Suppose an estimate of the
strong fluctuation in the island data there was a significant mean zonal speedat Christmas Island during the study period
likelihood that the corresponding sawind data set would have is desired. There are 1096 days with sawind observations from
a gap. That is, if the sawind seriesis consideredto be a "sam- a total of 1827 days. The island wind data on these 1096 days
pling" of the entire record, then the sawinds appeared to be constitute the sawind sample in this case. The mean of the
undersampling many events having energetic fluctuations island data (at Christmas) is computed for these 1096 days and
about the mean. This qualitative observation is the motivation found to be -4.2 m/s. This is to be compared with the means
for the present study. The remainder of this report will focus of a set of randomly chosen samples.A sample of 1096 points
on verifying this bias quantitatively and examining how the is taken at random from the complete Christmas Island data
set, and the mean is computed. The average of 1000 such
sawind-samplingschemeaffectsthe resultingwind data set.
Before proceeding,it should be pointed out why this obser- calculations is -3.9 m/s. Ordering the 1000 means also makes
vation is of possibleimportance. If this bias is indeed present, it possible to choose an upper and lower limit such that 95%
then an analysis procedure which uses the sawinds can pro- of the 1000 values fall in this interval. This interval is found to
duce biasedresultsfor averagedfields if it is not accountedfor. be -3.8 m/s to -4.1 m/s and is defined to be a 95% confidence interval. Thus the sawind sample mean value of -4.2
A specificexample of this is given in section3.5.
m/s would be considered biased. That is, the sample chosen by
3.
RESULTS
the satellite is significantly (95% significance level) different
from what would be expectedfrom a randomly chosensample
3.1. Quantitative Analysis of the Bias
of the same size. For this calculation and all subsequentones,
The analysis will begin with a description of the basic com- using 1000 trials was sufficient to obtain stable results for the
parison technique. The idea is to statistically compare a mean and 95% confidence interval.
sample of the island winds which correspond to days when the
For every calculation described below, this type of prosawind data is available to sampleswhich are chosen random- cedure is applied to the data at each station and also to a
ly from the complete island wind data set. If there are statis- composite data set. The composite data set is simply all the
tically significant differences in this comparison, then the
sawind

data

set is deemed

to be "biased"

from

the sawind

dataset which would be realized by choosing a sample of the
same size at random. The implicit assumption is that the
island wind data can be used as a proxy for the sawind data
for the purpose of evaluating the effect of the gaps in the
sawind

Note carefully that the daily sawind data seriesare not used
in calculations but are used only to determine what the proper
sample of the island wind data is. For the subsequent discussion it is important to define the term "sawind sample."
The sawind sample is simply that subset of the complete
island wind record which correspondsto days when there is a
sawind

observation

at the station

of interest.

A specificexample of the comparison technique can be de-

1.

Island

Station

Means

Zonal Component
Station

time series.

simultaneous

TABLE

Mean

s.d.

and Standard

Deviations

Meridional Component
Mean

s.d.

Funafuti

-- 2.56

3.59

0.01

2.14

Apia

- 1.78

2.13

0.14

0.93

- 2.77

3.00

- 0.65

1.80

Penrhyn

Puka

Puka

- 4.92

3.37

- 1.62

2.75

Christmas

- 3.93

2.05

0.58

1.36

Fanning

- 3.91

2.06

0.10

1.63

The station locations are shown in Figure 1. Units are meters per
second.
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data taken together without regard to which station they are
from. The idea is to temporarily give up spatial resolution in
exchangefor increasedconfidencein the resultsdue to a larger
number of degreesof freedom. Results from these composite
data setswill be presentedfirst.
3.2.
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Composite dataset
Meridional component
30-

The Composite Histograms

Possiblebias in the compositesampleswas investigatedby
20computing histograms of the U (zonal) and V (meridional)
components of the normalized island data and applying the
statistical technique discussedabove. The results at the individual stations will be presented below. Figure 2 shows the
histograms for the normalized zonal component. The solid
10bars show the percentage of the sawind sample which fall in
each of 8 bins. The bin limits are given in the figure caption.
The error bars are from random samplesas illustrated above.
When the top of the solid bar is below (above) the error bar,
this meansthe sawind sampleis significantlyunderrepresented
(overrepresented)at the 95% confidencelevel for zonal wind
-1
o
1
speed in that bin's range. It is obvious that for the largest
Standard deviations
positive anomalies from the mean, the sawind sample is
Fig. 3. As in Figure 2 but the meridional component.
strongly underrepresented.That is, when the normal easterlies
greatly weaken or reverse, the sawind data set is much more
likely to have a gap. Conversely,the sawind sampleis overrepresented near the mean in the bins covering 0 to -1.5 stan- winds weaken or reverse and the meridional component
strengthensto the south. These histogramsbear out the qualidard deviations.

!

Figure 3 shows the analogous calculation for the meridional
component. In this case the sawind data are significantly underrepresented in the bins corresponding to the strongest
negative anomalies. These correspond to strengthened northerlies. Thus at least in the area of these island stations, the
distribution of the wind speeds sampled by the satellite is

tative statement made in the introduction.

It is important to consider whether the bias seen in the
composite samples is present at all the individual stations or
whether it is due to a strong bias at one or two stations. Table
2 summarizes

the results

at the individual

stations.

All

six

stations clearly show the bias in the zonal component. Additionally,
all but Christmasand Fanning show the bias in the
significantlybiasedfrom that of the completedata set.Specifimeridional
component. Thus the bias must be considered a
cally, the satellite system missesmany events when the zonal
feature of the entire study area and not just of any particular
station. Severalother featuresof the bias will now be present-

Composite dataset
Zonal component
80

ed.

3.3.

Time Dependence

Figure 4 shows,for eachday in the studyperiod,how many
"bias events"occurin the study area. A bias event on a given
day is definedto be a strongwesterlyor northerly anomaly at
a station which is simultaneouslymissing a sawind observation. A strong anomaly is defined as being greater than 1.5

20

TABLE 2.

I

-3

-2

-1

Standard

0

I

deviations

Summary of the Bias at the Individual Stations

Type Anomaly

Possible,
No.

Underestimated,
No.

Overestimated,
No.

Strong westerly
Moderate westerly
Strong easterly
Moderate easterly
Northerly
Southerly

6
6
6
6
12
12

6
6
0
0
7*
1

0
0
0
3
0
0

Histograms analogousto those shown in Figures 2 and 3 for each
individualstationare summarizedhere.Strongand moderateanomalies are defined to be those greater than 1.5 and 1.0 to 1.5 standard
the valuesfor the sampleof islandwindscorresponding
to dayswhich deviations, respectively.For example, the first line shows that the
have a simultaneoussawindobservation.The points and error bars to
sawind data sampleat all six stationsis significantlyunderrepresenthe right of eachshowthe valuesfor the randomsamplesas described ted in the bin correspondingto westerlyanomaliesgreater than 1.5
in the text (section3.1). The bin limits are symmetricabout zero. The
standarddeviations.For meridional anomaliesthe strong and modbin limits on the positive side are 0.0 to 0.5, 0.5 to 1.0, 1.0 to 1.5, and
erate bins are combinedand lead to 12 possiblerather than six.
greater than 1.5.
*All south of the equator.
Fig. 2. Histogram showing the distribution of the normalized
zonal wind componentof the compositedata set. The solid bars show
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Fig. 4. The numberof bias eventsoccurringon eachday during the studyperiod.The definitionof a bias eventis given
in section 3.3.

standard deviations from the mean. If both types of anomalies the associated winds. The bias arises, then, because of a correare present,both are counted. Thus it is possibleto have up to lation betweenstrong convection and anomalous wind events.
12 bias eventsfrom the 6 stationson any given day.
It is possible to estimate the time scalesinvolved in the bias 3.5. An Example of the Effect of the Bias
How important is this bias? That is, how bad are the errors
from this figure. The eventsoccur in groups with time scalesof
if the bias is simply ignored? One example will be given which
days to weeks. There is also an obvious seasonal modulation,
with many more events appearing during the northern hemi- illustratesits possibleeffects.Consider the questionof how the
sphere winter. Histograms like those shown above but com- bias affects a calculation of the mean and variance of the zonal
puted using data separatedby seasonalso show the bias to be wind component over the study area for the entire 5 years of
strong in the northern hemisphere winter and weak in the data used. The mean and variance were computed using the
summer.
composite island data set on days when there was a sawind
It is also instructive to consider how the bias in the daily observation.The mean and variance were also estimatedusing
data will affect data which are subsequentlyaveraged in time. random samples as described above. The results (Table 3)
Calculations similar to those presentedabove were done using show that the 5-year mean is biased by nearly 1 m/s. This is
20- and 80-day means.All of theseaveragedseriesstill showed becausethe sawind data systematicallymisseseventswith the
the bias. These experimentswere not exhaustive,but they do weakest easterlies or with westerlies. The variance is also
imply that this bias may cause problems in estimating accu- strongly biased for the same reason. To put this result in
rate mean fields. A specificexample of this will be given short- perspective, note that a stated objective for the Tropical
ly.
Ocean-Global Atmosphere (TOGA) program is to compute
3.4.

Cloud Situation During Bias Events

As was mentioned in the introduction, the sawind data

a•,ailability depends on the cloud situation. Polar orbiter satellite images of the study area were examined on a number of
days when the sawind data were missingand the underrepresented anomalies were present (see,for example, early December 1976 in Figure 4). In every case examined, the station
involved was covered by high, heavy clouds typical of strong
convectiveactivity (J. Sadler, private communication, 1986). In
such cases the satellite

cannot

observe

low-level

clouds

and

TABLE 3.

Zonal Wind Component Mean and Variance for the
Study Period 1976-1980

Mean, m/s

Variance,(m/s)2

Sawind Sample

Random Sample

Differences

--4.16

--3.36 + 0.08

0.8

5.9

7.6 + 0.5

1.7

The sawind sample is the island data only on days when there is a
correspondingsawind value. The random sample values and uncertainties are computed using the technicluedescribedin section3.1.
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monthly mean wind speedsto an accuracy of 0.5 m/s [World
Climate Programme, 1985]. However, in this study area, the
sawindsalone cannot do this well even for a 5-year mean. It is
also important to note that this is only one type of error. Any

Research (JIMAR), University of Hawaii. Hawaii Institute of Geophysicscontribution 1840; JIMAR contribution 87-0130.

errors due to the correction

Halpern, D., Comparison of low-level cloud motion vectors and
moored buoy winds, J. Appl. Meteorol., 17, 1866-1871, 1978.
Halpern, D. H., Surface wind measurementsand low-level cloud
motion vectors near the intertropical convergencezone in the cen-

of the sawinds to the surface level

or due to the errors of measurement

of the sawinds themselves

will probably compound the problem.
4.

CONCLUDING

REMARKS

Summarizing, the technique of inferring winds from
satellite-observedlow-level cloud motions systematically fails
to observeweakeningsor reversalsof the zonal wind component in the central tropical Pacific. Also missed is the associated strengtheningof the meridional component of the wind
vector at most stations. These data gaps are attributable to
the presenceof high clouds due to strong convection in the
study area. A bias follows from the fact that the winds are also
anomalous at these times. This bias is strong enough to cause
difficulties in estimating mean wind fields from the satellite
data alone.

Given these results,it would seem prudent to attempt similar analysesin other geographicalareaswhere the sawind data
is available and is of potential usefulness.Also, it would be
desirable to evaluate the sensitivity of analysis procedures to
such biasesin the data. It seemslikely that procedureswhich
combine other data (e.g.,ship and island winds) with the satellite data will be less affected than those which use the satellite
data alone.
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